410 Dr. B. Stewart. [Mar. 9, 

balanced by that of sodium at the temperature of the flame of cya- 
nogen burning in air, but is sensibly less than that of sodium, at the 
temperature of a jet of coal-gas and oxygen, much less than that of 
sodium in the oxyhydrogen jet. This seems to render it probable 
that the temperature of the incandescent thread is not far different 
from that of a cyanogen flame burning in air (or rather the tern- 
perature it conveys to the sodium in it), but is less than that 
of an oxyhydrogen flame, though this does not necessarily follow 
from the experiments, inasmuch as the radiation of the sodium is so 
much more limited as to range than that of the carbon. When a 
Bunsen burner or a gas blowpipe flame was interposed between the 
lens and slit, no reversal of the hydrocarbon bands could be seen. 
When magnesium was burnt between the lens and slit, the magne- 
sium lines (b) were seen bright, eclipsing the carbon. Possibly the 
smoke of magnesia may have considerably helped to eclipse the light 
of the carbon. 



IV. i£ Preliminary Report to the Solar Physics Committee on a 
Comparison for Two Years between the Diurnal Ranges of 
Magnetic Declination as recorded at the Kew Observatory, 
and the Diurnal Ranges of Atmospheric Temperature as 
recorded at the Observatories of Stonyhurst, Kew, and 
Falmouth/' By Balfour Stewart, LLD., F.R.S., Pro- 
fessor of Physics at Owens College, Manchester. Com- 
municated to the Royal Society by permission of the Solar 
Physics Committee. Received January 25, 1882. 

1. In a paper communicated to this Society, and published in its 
•"Proceedings" (vol. 32, p. 406), evidence was brought forward tend- 
ing to show that what may be termed declination-range weather takes 
1-6 days to pass from Toronto to Kew; that is, the same phase occurs 
1*6 days later at Kew than at Toronto. And in a previous paper (op. 
■cit., vol. 29, p. 308) evidence was brought forward tending to show 
that temperature-range weather takes about 8 days to pass between 
these two places. 

In this last-mentioned paper an attempt was likewise made to show 
that there is a similarity between magnetical and meteorological 
changes, and that both are due to the sun. This result has been con- 
firmed by subsequent discussion, and there seems reason to suppose 
that in America both magnetical and meteorological changes follow 
very quickly after the solar changes which produce them. 
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If this be true, if the two kinds of allied weather start together at 
America, or nearly together, and if the magnetical moves in the same 
direction as the meteorological weather, but only quicker than it, then 
it is not unreasonable to suppose that the Kew magnetical weather of 
to-day may be found to resemble the Kew meteorological weather six. 
or seven days later on. 

It is this point which I have endeavoured to test in the present 
communication by comparing together the variations of declination- 
range and those of temperature-range at Kew during the years 1871 
and 1872. 

2. Bearing in mind, however, the local nature of meteorological 
phenomena, instead of confining myself to Kew alone, I have taken 
the means of the daily temperature-ranges at Stonyhurst, Kew, and 
Falmouth, these three forming the chief stations in England of the 
Meteorological Council, to whose kindness I am indebted for a list of 
the daily temperature-ranges at these three places for the years 1871. 
and 1872. 

These mean ranges have been compared with the corresponding 
Kew declination-ranges, excluding disturbances, for which I am 
indebted to the kindness of the Kew Committee. This comparison 
has been made after the following method : — 

3. The meteorological material, as already mentioned, consists of a 
series of the daily temperature-ranges at Stonyhurst, Kew, and 
Falmouth, recorded in degrees Fahrenheit and tenths of a degree. As 
the results are merely comparative, decimal points have been omitted ; 
also, instead of taking means of the daily temperature-ranges at these 
three places, it has only been deemed necessary to record the sums of 
these ranges, thereby saving the division by three for each day. A 
specimen of these sums is exhibited in Table I, column 2. Further- 
more, in order somewhat to equalise or tone down individual fluctua- 
tions, daily sums of four of the numbers of column 2 are recorded in 
column 3. 

Again, as it is fluctuations of small period, say twenty-four or twenty- 
live days, which we wish to investigate, column 4 is made to contain 
means of twenty-five of the numbers of column 3, this mean being* 
placed opposite to that number of column 3 which has the middle or 
thirteenth place in the series of twenty-five. Finally, the differences 
between corresponding numbers of columns 3 and 4 are exhibited in 
column 5, these being taken to represent the fluctuations we are in 
search of, the sign minus denoting defect, and the sign plus excess, in 
the observed values of column 3 with reference to the mean or normal 
values of column 4. 

4. These various peculiarities of the method will be perceived from 
the following table : — 
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Table I. — Exhibiting the method of forming a series of Fluctuations 

of Temperature- Range. 
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5. The numbers representing the diurnal ranges of declination at 
Kew are derived by means of a measuring instrument applied to the 
magnetograph curves, and are recorded in decimals of an inch. As 
the results are merely comparative, decimal points have been omitted. 
These numbers have been treated in the same way in which the 
numbers in column 2 of the above table are treated ; in fine, the tem- 
perature and declination-ranges have had applied to them precisely the 
same method of treatment. 

Ultimately we obtain, as in the case of the temperature- ranges, a 
column representing declination fluctuations, and comparable with 

column 5. 

6. In Table II the temperature-range and declination-range fluctua- 
tions are exhibited side by side for the various months of the years 

1871 and 1872. 
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7. The following are questions which suggest themselves with refe- 
rence to the numbers of Table II : — 

In the first place, do the inequalities of declination-range at all 
correspond with those of temperature-range ? and, secondly, if so, what 
is the difference in phase between the two sets of inequalities ? 

I shall endeavour to reply to the last question first. In order to do 
so, let us take any three months of temperature-range, and try to find 
how far it is necessary to push forward the declination-range numbers 
in order to obtain the maximum amount of correspondence between 
them and those of the temperature-range for the three months under 
consideration. This will be denoted by a maximum algebraic sum of 
the two inequalities ; in fine, we pursue precisely the same process as 
that adopted for ascertaining the difference of phase when comparing 
together the declination-ranges at Kew and Prague ("Proe. Roy. 
Soc.," vol. 29, page 316). 

Now let us perform a number of such operations, taking various 
sets of three months each, so that the middles of the sets may corre- 
spond, as far as possible, to the middles of the various months between 
the beginning of 1871 and the end of 1872. 

8. The results of this process are exhibited in Tables III and IV, 
in which, for shortness' sake, the various months of the year are num- 
bered in order, instead of being named. 

9. The results of Tables III and IV* are convenientlv embodied in 
the following table : — 



Table V. — Showing by how many Days the Declination-range Fluc- 
tuation precedes the corresponding Temperature-range Muct nation. 



Corresponding to middle 
of month. 



January . . 
February. . 
March . . . . 

A P ril 

May 

June 

July 

August. . . , 

September 

October .. 

NoTember , 

December 



Precedence of Declination. 



First year. 



(I 

6 

5 

<> 

9 

12 

13 

9 

7 

10 

12 



Second year. 




It thus appeal's that the precedence of declination is smallest about 
the equinoxes and greatest about the solstices, and it seems probable 
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that were a considerable number of years so treated, more exact values 
exhibiting the law would be obtained. The law itself is sufficiently 
obvious in each of the two years now treated. 

10. It has still to be ascertained to what extent the two fluctuations, 
when brought together so that similar phases coincide as nearly as 
possible, show any distinct resemblance to each other. 

The evidence on this point is given by the diagrams which accompany 
this paper. These contain curves representing the continuous progress 
of the two sets of fluctuations for the years 1871 and 1872, these being 
portioned out into months. The temperature-range curve has a 
uniform time scale. The declination-range curve is pushed forward 
by a distance derived from the last column of Table V. Thus for 
January of each year it is pushed forward eight days, for February of 
each year five days, and so on. The consequence of this is that the 
declination-range scale, while constant for the various portions of the 
same month, yet varies slightly from one month to another. 

An inspection of the curves will show that there is a considerable 
likeness between them. Perhaps this likeness is greater in the second 
than in the first year, but it must be borne in mind that 1871 was a 
year of great magnetic disturbance, and therefore unfavourable for 
such a comparison. 

It would thus seem as if a comparison of magnetical and meteoro- 
logical weather might be made a promising subject of inquiry, besides 
being one which may perhaps lead to results of practical importance. 

Before concluding I beg to thank Messrs. William Dodgsou and 
Alfred Nish for the assistance which they have rendered in this 
investigation. 
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